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on the  other hand, was associated with large increases in urinary  sodium and chloride con­
centrations in seawater eels.
Arginine-vasotocin (AVT), isotocin and  oxytocin all had  similar diuretic effects in seawater 
eels. Doses of 10~12 g AVT/kg body weight produced no effect b u t  doses in the  range 10-11 
to 10-8 g produced slight diuresis. Doses above 10-8 g produced large diuretic responses similar 
to those observed in freshwater eels. No antidiuretic responses were observed with doses of 
AVT between 10-12 and  10-9 g (n — 27), in contrast to  the situation in freshwater eels, in 
which AVT, oxytocin and  isotocin produced an antidiuresis in doses between 10-8 and If)-12 
g/kg. In  doses above these all three hormones produced a diuretic response similar to th a t  in 
seawater eels. In  the case of AVT, a just-detectable antidiuresis was produced by 4 x 10-13 g/kg. 
Increasing the dose enhanced the  response until maximal antidiuresis -  a reduction of about 
40 % in urine flow -  was obtained w ith  2 x 10-9 g/kg.
The dose-response curves for all three hormones showed a very m arked point of inflexion 
round 10~8 g/kg and higher doses were always diuretic. Analysis of glucose t i tra tion  curves 
suggested th a t  this effect was due to glomerular recruitment.
Vasopressin had no effect on renal function in freshwater eels b u t  prior or simultaneous 
adm inistration of large doses of vasopressin blocked the diuretic or antidiuretic response to the 
other hormones. I t  also reversed the antidiuresis sustained by repeated adm inistration of low 
doses of AVT or oxytocin. The inhibition appeared to be competitive, suggesting th a t  vaso­
pressin was able to combine with renal receptors b u t  was unable to elicit a response. Injections 
of vasopressin into seawater eels produced diuresis after a  la ten t period considerably longer 
th an  th a t  observed with diuretic doses of the  other hormones.
A hypothesis which would explain all the  above results is as follows. Circulating levels of 
neurohypophysial hormones sufficient to cause maximal antidiuresis are present in seawater 
fish. Increasing these levels by injecting low doses of hormone results in the point of inflexion 
of the dose-response curves being passed with the concomitant diuresis. Vasopressin reduces 
the degree of antidiuresis by displacing endogenous hormone from renal receptors. In  freshwater 
eels, the circulating hormone levels are lower th a n  those required to produce antidiuresis. Low 
doses of injected hormone are therefore antidiuretic. W ork in progress is designed to test this 
hypothesis.
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In  migrating fish, prolactin is known to facilitate the  physiological ad justm ents  occurring 
in the  kidney during migration from the sea to fresh water (these mainly involve an increase of 
glomerular filtration rate, change from the  p r o d u c t i o n  of almost isotonic to strongly hypotonic 
urine, and from excretion of divalent ions to reabsorption of monovalent ions). The concomitant 
s tructural changes and the effects of prolactin a t  the cellular level are largely unknown.Therefore, 
the renal s tructure  of fish obtained from different seawater and  freshwater localities was studied 
with morphometrical techniques, including lineal integration a t  the u ltras truc tu ra l level. In  
fresh w ater the diameter of the renal capsules was similar to th a t  in sea-water; the  size of the 
glomeruli was smaller. Podocvtes were better  developed, and showed secretory activity, in 
fresh water. Mesangial cells were substantially less numerous than  in sea-water. Sizes of epithelial 
cells and of the nuclei were larger, and the basal labyrin th  appeared to be much better developed, 
in all segments of the nephronic tubule and in the ureter of freshwater fish. The mitochondrial 
volume per surface un it  of basal m embrane (the ion transport mechanisms are located in these 
membranes) increased in the nephronic tubules in relation to the distance of the cells concerned 
from the glomerulus. This s tructural gradient therefore parallels osmotic and ionic gradients 
which exist in kidney tubules in freshwater conditions. In  sea-water only small differences were 
found in the  ratio of mitochondria to basal membranes. After transfer, in the spring, of 
fish from the sea to fresh water, kidney structure changed within 6 to 9 days from the seawater
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type to the  freshwater type, for all quan tita tive  param eters concerned. When prolactin was 
injected during transfer (0-4 i.u./g/day), these changes were performed within 3 days. This 
result suggests th a t  prolactin probably causes, directly or indirectly, profound structural 
changes in the  glomerulus, the nephronic tubules, and in the  ureter during migration from the 
sea to fresh water.
The ovine prolactin was kindly supplied by N .I.H ., Bethesda, Md., U.S.A.
R ena l  f r a c t io n s  a ffec t ing  th e  c o n c e n t r a t io n  of p l a s m a  c o r t i s o l  in  th e  eel (Anguilla  
anguilla  L.). B y  V a r u n e e  B o r r i r a j a , I. W. H e n d e r s o n  and I. C h e s t e r  J o n e s . Depart­
ment of Zoology, University of Sheffield, Sheff ield, 810 2T N
The plasma concentrations of cortisol, sodium, potassium and calcium and  plasma osmolality 
were determined in freshwater silver eels, after in travascular injections of eel renin preparations, 
mammalian corticotrophin (ACTH), m ammalian angiotensin I I  and  control tissue extracts from 
the eel. Control blood specimens were taken from arterial cannulae prior to injection of test 
substances and then a t  intervals for up to 9 h thereafter. Statistical significance was adduced 
by a paired /-test.
Partially  purified renin (after the method of H aas & Goldblatt, 1959) gave prolonged pressor 
responses in in tact and hypophysectomized eels and in the nephrectomized ra t  anaesthetized 
with sodium pentobarbitone (Nembutal). The pressor response in each eel to 5-7 or 11-0 mg/kg 
body weight (extracts in each case from 3 g eel kidney tissue) lasted 2-4 h. Control tissue ex­
tracts produced no response.
Angiotensin (Hypertensin, CIBA) a t  0-4-8 /¿g/kg body weight also produced obvious pressor 
responses, lasting from 20 to 80 min. On the other hand, ACTH did not give cardiovascular 
changes in the three categories of eel investigated.
Hypophysectomized eels, 4-8 days after operation, had  reduced plasma cortisol concentra­
tions (0-7 ± 0*3 /¿g/100 m l; n = 8 ; v. in tact values 2-9 ± 0-7 /¿g/100 ml; n — 6 ; P  <  0-025). There 
were no statistically significant differences in plasma osmolality and concentrations of sodium, 
potassium and calcium between hypophysectomized eels and controls.
Renin preparations gave an increased concentration of plasma cortisol 30 min after intra- 
arterial injection: hypophysectomized series, 2-8 + 0*7 /¿g/100 ml (n = 8 ; P  <  0-025); intact 
series, 7*3 ± 1-9 /¿g/100 ml (n = 6 ; P  <  0-05). In  general, the length of the ¡^ressor response and 
elevated cortisol concentration were concomitant occurrences in th a t  a second injection of renin 
maintained both  elevated blood pressure and the high steroid level.
ACTH (5 mu./kg body weight) injections gave increased plasma cortisol concentrations to
13-0 + 2-8 /¿g/100 ml after 30 min in hypophysectomized eels (n = 8 ; P  <  0-005), and after 4 h 
the level of 4-0 ± 1-1 /¿g/100 ml was still higher (n =  S; P  <  0-05) than  the basal value of 
0-9 ±0-2 /¿g/100 ml. In  in tact eels, ACTH (2 m u./kg body weight) increased cortisol concentra­
tions to 6-3 ± 1-4 /¿g/100 ml (n = 4) compared with basal levels of 3-4±0-7 /¿g/100 ml (n = 4; 
P < 0-05), which do not differ from the figure of 4-2 + 1-4 //g/100 ml after 4 h.
Angiotensin (0-4 /¿g/kg) injected into eels with corpuscles of Stannius removed (n = 4) gave 
cortisol levels of 7-4 ± 0-6 /¿g/100 ml compared with basal levels of 2-7 ± 0-8 /¿g/100 ml (n =  4; 
P  < 0-005). In  a group of hypophysectomized eels angiotensin injections gave cortisol values 
of 6-06 ± 1-7 compared with basal levels of 1-18 ±0-74 (n =  5; P  <  0-025). Control tissue 
extracts (e.g. muscle) produced no significant changes.
There were no acute changes in plasma electrolyte concentrations after the injections. The 
action of renal extracts, behaving in m any respects as renin, on circulating levels of cortisol 
in the  euryhaline teleost Anguilla anguilla in freshwater, is not mediated through the pituitary. 
Both in tact and  hypophysectomized eels respond in a similar fashion. Mammalian angiotensin 
also increases circulating levels of cortisol in the eel. Thus valine-angiotensin has both adreno­
cortical and  vascular effects in fish although their endogenous peptides m ay  differ (Nakajima, 
N akayam a & Sokabe, 1971). Eel renin appears to  be capable of reacting with ra t substrate to 
produce pressor am ounts of angiotensin. The phylogenetic relationships between the reactivity 
of renin with its substra te  to generate various types of angiotensin with both pressor and 
steroidogenetic properties (see Taylor & Davis, 1971) are being investigated.
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